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CHAPTER 1: INTRODUCTION

CHAPTER 1 INTRODUCTION

The E0C6003 Series single-chip microcomputer features an E0C6200B CMOS 4-bit CPU as the core. It
contains a 768 (words) x 12 (bits) ROM, 64 (words) x 4 (bits) RAM, LCD driver, 4-bit input port (K00-
K03), 4-bit output port (R00-R03) and a timer.

The E0C6003 Series is configured as follows, depending on the supply voltage.

E0C6003: 3.0V (1.8to3.6V)
EOC60L03: 1.5V (1.2t0 2.0 V)

1.1 Features

Core CPU. ..o E0C6200B

Built-in oscillation circuit ............. Crystal 32.768 kHz (Typ.) or CR oscillation circuit 65 kHz (Typ.)
Instruction set .......c..ccccovvervveennnne. 100 instructions

ROM capacity......ccoovvnninninncnnne. 768 words x 12 bits

RAM capacity ......cccccoevvvnvnnnnnns 64 words x 4 bits

Input port ......ccoeiviniiiiicccns 4 bits (pull-down resistors are available by mask option)
Output ports ........ccccceevvcccinnicccnns 4 bits (clock and buzzer outputs are possible by mask option)
LCD driver .......ccccceveveeeevieceeeenens 15 segments x 4, 3 or 2 commons

(1/4,1/3 or 1/2 duty are selectable by mask option)

TEMET oo 1 system (clock timer) built-in
Interrupt ..o External: Input port interrupt 1 system
Internal: Timer interrupt 1 system
Supply voltage .......cccccovvverveiennnee 1.5V (1.2t0 2.0 V) EOC60L03
3.0V (1.8t0 3.6 V) EOC6003
Current consumption (Typ.) ......... During HALT: 1.0 pA (32 kHz crystal, with power divider OFF)

During execution: 2.5 nA (32 kHz crystal, with power divider OFF)
15 uA (32 kHz crystal, with power divider ON)

Supply form ......cccooeeceerennccrennnne. Chip
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1.2 Block Diagram

Core CPU E0C6200B

J f

0sC1 %: Interrupt
0OsC 1
0SC2 - Generator
RAM ] T I Input Port
64 words x 4 bits

7]

. Output Port
COMO0-3 EI]]:: LCD Driver P
SEGO0-14 15 SEG x 4 COM T
FOUT
& Buzzer
VDD
CA, CB Power (. >
Vs2 Controller J] S Clock
Vss Timer

ROM _ System Reset r
768 words x 12 bits Control
U !

1RESET

K00-K03
TEST
ROO (FOUT, BUZZER)™L

RO1 (BUZZER)X
RO2, RO3

(1: Terminal specifications can be selected by mask option.
Fig. 1.2.1 EO0C6003 block diagram
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1.3 Pad Layout

1.3.1 Pad layout diagram

15 10 5 1
Y
35[+] g
(0, 0) X 8
' N
30[+]
20 25
A

Chip thickness: 400 ym

2.32 mm .
Fig. 1.3.1.1 Pad layout Pad opening: 95 um
1.3.2 Pad coordinates
Table 1.3.2.1 Pad coordinates (unit: pm)

No. |Pad name| X Y No. |Pad name| X Y No. |Pad name| X Y
1 |TEST 980 | 849 | 13 |SEG3 580 | 849 | 25 |OSC2 80 | -849
2 |SEG14 850 849 | 14 |SEG2 -710 849 | 26 |OSC1 210 -849
3 |SEGI13 720 849 | 15 |SEG1 -840 849 | 27 |VbD 340 -849
4 |SEGI2 590 849 | 16 |SEGO -970 849 | 28 |RESET 470 -849
5 |SEG11 460 849 | 17 |COMO -983 -849 | 29 |ROO 994 -760
6 |SEGI10 330 849 | 18 |COM1 -853 -849 | 30 |RO1 994 -542
7 |SEG9 200 849 | 19 |COM2 -723 -849 | 31 |RO2 994 -403
8 |SEG8 70 849 | 20 |COM3 -593 -849 | 32 |RO3 994 -269
9 |SEG7 -60 849 | 21 |CA -463 -849 | 33 |K0O 994 -120
10 |SEG6 -190 849 | 22 |CB -333 -849 | 34 K01 994 10
11 |SEG5 -320 849 | 23 |V=2 -203 -849 | 35 |K02 994 140
12 |SEG4 -450 849 | 24 |Vss -50 -849 | 36 |KO3 994 270

1.4 Pad Description

Table 1.4.1 Pan description

Pad name | Pad No. 1/0 Function

VDD 27 (1) [Power supply terminal (+)

Vss 24 (1) [Power supply terminal (-)

Vs2 23 O |LCD system voltage doubler (2:Vss)/halver (Vss/2) output
CA,CB 21,22 — |Booster capacitor connecting terminal

0SC1 26 | |Crystal or CR oscillation input terminal *

0SsC2 25 O |Crystal or CR oscillation output terminal *

K00-03 33-36 | |Input port terminal

R0OO 29 O |Output port terminal, BUZZER or FOUT output terminal *
RO1 30 O  |Output port termina or BUZZER output terminal *

R02, RO3 31,32 O  |Output port terminal

SEG0-14 2-16 O |LCD segment output or DC output terminal *

COMO0-3 17-20 O |LCD common output terminal (1/4, 1/3 or 1/2 duty are selectable *)
RESET 28 | |Initia reset input terminal

TEST 1 | |Testinput terminal

OCan be selected by mask option
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CHAPTER 2 PoweER SUPPLY AND INITIAL RESET
2.1 Power Supply

With a single external power supply (O supplied to VDD through Vss, the EOC6003 Series generates the
necessary internal voltages with the voltage doubler/halver and power divider.

OSupply voltage: EOC6003 ... 3.0V EO0C60L03 ... 1.5V

Figure 2.1.1 shows the basic configuration of the power divider and voltage doubler/halver.

VbD
< T T VDD
Power Voltage
divider| < | halver Vs2
Vi1 < —e—0 _iVs2| (EOC6003)
§ g§ Qo © CA
Vi < LY. Voltage
doubler CB
(EOC60L03)
Vi3
Vss
{ I Mask option

Fig. 2.1.1 Basic configuration of the power divider and voltage doubler/halver

The power divider and voltage doubler/halver generate the LCD drive voltage (VL1, VL2, VL3). The
circuit is configured according to the model and the LCD drive bias selected by mask option. The LCD
drive bias can be selected from 1/3 bias, 1/2 bias (A) and 1/2 bias (B).

For EOC6003

When 1/3 bias or 1/2 bias (A) is selected, the power divider is used to generate VL1 and VL2 by dividing
the source voltage with the resistors. The voltage doubler/halver is not used. In the EOC6003, this
selection can reduce the external component count.

When 1/2 bias (B) is selected in the EOC6003, the voltage halver is used to generate VL1 and VL2 and the
power divider is disconnected. This selection can reduce current consumption, but two external capaci-
tors are necessary for the voltage halver.

In the EOC6003, the voltage doubler is not used.

Figure 2.1.2 shows the power circuit configuration of the EOC6003 according to the selected mask option.

For EOC60L03

The EOC60L03 always uses the voltage doubler to generate the LCD drive voltage from 1.5 V source
voltage. The voltage halver is not used.

When 1/3 bias or 1/2 bias (A) is selected, the power divider is used to generate VL1 and VL2 by dividing
the Vs2 voltage generated by the voltage doubler.

When 1/2 bias (B) is selected in the EOC60L03, the power divider is not used.

Figure 2.1.3 shows the power circuit configuration of the EOC60L03 according to the selected mask
option.
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EOC6003

3V LCD Panel
1/4, 1/3 or 1/2 duty, 1/3 bias

VoD
Vs2 —NC
Vi1 = 1/3-Vss
CA -NC — 30V
VL2 = 2/3-Vss cB Lne
Vi3 = Vss

Vss

Note: VL3 is shorted to Vss internally.

3V LCD Panel 3V LCD Panel
1/4, 1/3 or 1/2 duty, 1/2 bias (A) 1/4, 1/3 or 1/2 duty, 1/2 bias (B)
VbD VDD T VbD
Vs2 —NC — Vs2
Vi1 =1/2:Vss Vi1 = 1/2-Vss Vss | Voltage i
y o CA -NC — 30V Vi = 172 } halver [ CA 1 — 3.0V
L2 = SS cB Lne L2 = ‘VSS . cB LT
VL3 = Vss Vss VL3 = Vss l Vss
Note: VL3-Vss and VL1-VL2 are shorted internally. Note: VL3-Vss and VL1-VL2 are shorted internally.

Fig. 2.1.2 Power circuit configuration of EOC6003
EOC60L03

3V LCD Panel
1/4, 1/3 or 1/2 duty, 1/3 bias

I VoD
— Vs2
Vi1 = 1/3-Vs2 1
2 | Voltage CA L
v 23V doubler | T 15V
L2 = S2 L cB LT
VL3 = 2:Vss ‘

Vss

Note: VL3 is shorted to Vs2 internally.

3V LCD Panel 3V LCD Panel
1/4, 1/3 or 1/2 duty, 1/2 bias (A) 1/4, 1/3 or 1/2 duty, 1/2 bias (B)
VoD i VoD VoD i VDD
- Vs2 -V
Vi1 =1/2:Vs2 i VL1 = Vss sz 1
Vs2 | Voltage L ca 1 Voltage L ca + 15y
_ doubler 1 T 18V _ doubler L 17~
Vi2 = 1/2Vs2 | e LT Viz = Vss Vs2 - cB —
VL3 = 2:Vss ‘ Vss VL3 = 2:Vss J l Vss
Note: VL3-Vs2 and VL1-VL2 are shorted internally. Note: VL3-Vs2 and VL1-VL2 are shorted internally.

Fig. 2.1.3 Power circuit configuration of EOC60L03
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2.2 Initial Reset

To initialize the EOC6003 Series circuits, an initial reset must be executed. There are three ways of doing this.

(1) Initial reset by the oscillation detection circuit (Note)
(2) External initial reset via the RESET terminal
(3) External initial reset by simultaneous high input to K00-K03 (depending on mask option)

Figure 2.2.1 shows the configuration of the initial reset circuit.

osc1 i Oscillation ‘
circuit —
0OSC2 o— Oscillation

detection
Koo © %
Vss

circuit
K01

Noise Noise Initi
My nitial

rejection D> rejection [P reset
circuit circuit

K02

K03 W
RESET% % }“
Vss

Fig. 2.2.1 Configuration of initial reset circuit

Note: Be sure to use reset function (2) or (3) at power-on because the initial reset function by the
oscillation detection circuit (1) may not operate normally depending on the power-on procedure.

2.2.1 Oscillation detection circuit

The oscillation detection circuit outputs the initial reset signal at power-on until the oscillation circuit
starts oscillating, or when the oscillation circuit stops oscillating for some reason.

However, use the following reset functions at power-on because the initial reset function by the oscilla-
tion detection circuit may not operate normally depending on the power-on procedure.

2.2.2 Reset terminal (RESET)

An initial reset can be invoked externally by making the reset terminal high. This high level must be
maintained for at least 5 msec (when oscillating frequency fosc = 32 kHz), because the initial reset circuit
contains a noise rejection circuit. When the reset terminal goes low the CPU begins to operate.

2.2.3 Simultaneous high input to input ports (KO0—KO03)

Another way of invoking an initial reset externally is to input a high signal simultaneously to the input
ports (K00-K03) selected with the mask option. The specified input port terminals must be kept high for
at least 4 sec (when oscillating frequency fosc = 32 kHz), because of the noise rejection circuit. Table
2.2.3.1 shows the combinations of input ports (K00-K03) that can be selected with the mask option.

Table 2.2.3.1 Input port combinations
A [Not used

B |KOO*KO1

C |KO0*K01*K02

D |KO0*K01*K02*K03

When, for instance, mask option D (K00*K01*K02*K03) is selected, an initial reset is executed when the
signals input to the four ports K00-KO03 are all high at the same time.

When this function is used, make sure that the specified ports do not go high at the same time during
normal operation.

6
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2.2.4 Internal register following initialization
An initial reset initializes the CPU as shown in the table below.

Table 2.2.4.1 Initial values

CPU Core
Name Symbol|Bit size| Initial value
Program counter step PCS 8 OO0H
Program counter page PCP 4 1H
New page pointer NPP 4 1H
Stack pointer SP 8 Undefined
Index register X X 8 Undefined
Index register Y Y 8 Undefined
Register pointer RP 4 Undefined
General-purpose register A A 4 Undefined
General-purpose register B B 4 Undefined
Interrupt flag | 1 0
Decimal flag D 1 0
Zero flag z 1 Undefined
Carry flag C 1 Undefined
Peripheral Circuits
Name Bit size| Initial value

RAM 64 x4 Undefined
Display memory 16x4 Undefined
Other periphera circuits - 0

OSee Section 4.1, "Memory Map".

2.3 Test Terminal (TEST)

This terminal is used when IC is inspected for shipment. During normal operation connect it to Vss.
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cHAPTER3 CPU, ROM, RAM

3.1 CPU

The E0C6003 Series employs the EOC6200B core CPU, so that register configuration, instructions, and so
forth are virtually identical to those in other processors in the family using the E0C6200/6200A /6200B.
Refer to the "E0C6200/6200A Core CPU Manual" for details of the EOC6200B.

Note the following points with regard to the EOC6003 Series:
(1) Since the EOC6003 Series don't provides the SLEEP function, the SLP instruction can not be used.

(2) Because the ROM capacity is 768 words, 12 bits per word, bank bits are unnecessary, and PCB and
NBP are not used.

(3) The RAM page is set to 0 only, so the page part (XP, YP) of the index register that specifies addresses is
invalid.
PUSH XP POP XP LD XPr LD rXP
PUSH YP POP YP LD YPr LD rYP

3.2 ROM

The built-in ROM, a mask ROM for the program, has a capacity of 768 x 12-bit steps. The program area is
3 pages (0-2), each consisting of 256 steps (00H-FFH). After an initial reset, the program start address is
set to page 1, step 00H. The interrupt vectors are allocated to page 1, steps 01H-07H.

Bank 0 e Step 00H Program start address

Step 01H
Interrupt vector area

Step 07H
Step 08H

g Program area

Step FFH

12 bits

Fig. 3.2.1 ROM configuration

3.3 RAM

The RAM, a data memory for storing a variety of data, has a capacity of 64 words, 4-bit words. When
programming, keep the following points in mind:

(1) Part of the data memory is used as stack area when saving subroutine return addresses and registers,
s0 be careful not to overlap the data area and stack area.

(2) Subroutine calls and interrupts take up three words on the stack.

(3) Data memory 000H-00FH is the memory area pointed by the register pointer (RP).
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CHAPTER 4 P=RIPHERAL CiRcuITS AND OPERATION

Peripheral circuits (timer, I/ O, and so on) of the EOC6003 Series are memory mapped. Thus, all the
peripheral circuits can be controlled by using memory operations to access the I/ O memory. The follow-
ing sections describe how the peripheral circuits operate.

4.1 Memory Map

The data memory of the EOC6003 Series has an address space of 89 words, of which 16 words are allo-
cated to display memory and 9 words, to I/ O memory. Figure 4.1.1 show the overall memory map for the
E0C6003 Series, and Table 4.1.1, the memory maps for the peripheral circuits (I/ O space).

Address Low
oO|1,2|3|4|5|6|7|8|9 A|B|C|DJE]|F
Page | High
0 MO | M1 | M2 | M3 | M4 | M5 | M6 | M7 | M8 | M9 | MA | MB | MC | MD | ME | MF
; RAM area (00O0H-03FH)
3 64 words x 4 bits (R/W)
4
5
6
7
0
8
9
A
B
C
D
E Display memory ares (OEOH-OEFH) 16 words % 4 bits (W only)
F /0O memory See Table 4.1.1 ‘

|:| Unused area
Fig. 4.1.1 Memory map

Note: Memory is not mounted in unused area within the memory map and in memory area not indicated
in this chapter. For this reason, normal operation cannot be assured for programs that have been
prepared with access to these areas.
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Table 4.1.1 1/O memory map

Register
Address - Comment
D3 D2 D1 DO__ [ Name | Init (1 1 0
kos | ko2 | kor | koo | KO 2| Hoh | Low
OFOH KO2 | (21 High | Low |y oot port data
R K01 -2 High Low
K00 -2 | High Low
Ro1 | qu ) RO3 0 High Low | RO3 output port data
RO3 RO2 F----- FOUT R02 0 High Low | RO2 output port data
BUZZER Ebiiéh RO1 0 High Low | RO1 output port data
OF1H BUZZER 0 On Off | Buzzer output On/Off control
R0O 0 High Low | ROO output port data
RIW FOUT 0 On Off | FOUT output On/Off control
BUZZER| 0 On Off | Buzzer inverted output On/Off control
™3 ™2 ™1 ™O T™3 -2 Clock timer data (2 Hz)
OF2H ™2 -2 Clock timer data (4 Hz)
R ™1 -2 Clock timer data (8 Hz)
TMO -2 Clock timer data (16 Hz)
ewos | eoz | ewor | eixoo EIK03 0 Enable | Mask | Interrupt mask reg!ster (K03)
OF3H EIK02 0 Enable | Mask | Interrupt mask register (K02)
RIW EIKO01 0 Enable | Mask | Interrupt mask register (KO1)
EIK00 0 Enable | Mask | Interrupt mask register (K00)
wrstl &m2 | ems | ema2 TMRSTLB| Reset | Reset - | Clock timer reset . _
OF4H EIT2 0 Enable | Mask | Interrupt mask register (clock timer 2 Hz)
W RIW EIT16 0 Enable | Mask | Interrupt mask register (clock timer 16 Hz)
EIT32 0 Enable | Mask | Interrupt mask register (clock timer 32 Hz)
3 _2 - -
0 0 0 | Ko g g ) E:ﬁg
OF5H
R 008 -2 - - |Unused
IKO C# 0 Yes No | Interrupt factor flag (KOO—K03)
o | m | me | me | 0% % - |Unused ,
OF6H T2 04 0 Yes No | Interrupt factor flag (clock timer 2 Hz)
R IT16 4 0 Yes No | Interrupt factor flag (clock timer 16 Hz)
IT32 4 0 Yes No | Interrupt factor flag (clock timer 32 Hz)
YBZR o |xroutilxrouto XBZR 0 2kHz | 4kHz |Buzzer frequency control
OF7H 08 -2 - - Unused
RIW R RIW XFOUTL| O FOUT frequency control
XFOUTO 0 0:F1,1:F2,2.F3,3: F4
LON 0 0 CSDC L(gr\éB ? 5 O_n O_ff IL_J(;LD Sé)dov\/er and display On/Off conrol
OF8H 008 -2 - - |Unused
RW R RIW CSbC 0 Static |Dynamic| LCD drive switch

[ Initia value at initia reset
[P Not set in the circuit

10

[B Always"0" being read
4 Reset (0) immediately after being read
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4.2 Oscillation Circuit

The E0C6003 Series has a built-in oscillation circuit that generates the operating clock of the CPU and the
peripheral circuit. Either crystal oscillation or CR oscillation can be selected for the oscillation circuit by
mask option.

4.2.1 Crystal oscillation circuit

The crystal oscillation circuit can be selected by mask option. The oscillation frequency (fosc) is 32.768
kHz (Typ.).
Figure 4.2.1.1 shows the configuration of the crystal oscillation circuit.

B/ osci! U
\ ‘
L i [N [a}

D x

and peripheral circuits

Fig. 4.2.1.1 Configuration of crystal oscillation circuit

As Figure 4.2.1.1 indicates, the crystal oscillation circuit can be configured simply by connecting the
crystal oscillator X'tal (Typ. 32.768 kHz) between the OSC1 and OSC2 terminals and the trimmer capaci-
tor CG (5-25 pF) between the OSC1 and VDD terminals.

Note: The OSC1 and OSC2 terminals on the board should be shielded with the Vbp (+ side).

4.2.2 CR oscillation circuit

The CR oscillation circuit can also be selected by mask option. The oscillation frequency (fosc) is 65 kHz

(Typ.).
Figure 4.2.2.1 shows the configuration of the CR oscillation circuit.

——» CPU
and peripheral circuits

Fig. 4.2.2.1 Configuration of CR oscillation circuit
As Figure 4.2.2.1 indicates, the CR oscillation circuit can be configured simply by connecting the resistor

RCR between terminals OSC1 and OSC2 since capacity (CCR) is built-in.
See Chapter 6, "Electrical Characteristics” for RCR value.

11



EOC6003 TECHNICAL HARDWARE

4.3 Input Port (KOO—K03)

4.3.1 Configuration of input port

The E0C6003 Series has a 4-bit general-purpose input port. Each of the input port terminals (K00-K03)
has an internal pull-down resistor. The pull-down resistor can be selected for each bit with the mask
option.

Figure 4.3.1.1 shows the configuration of input port.

VDD

Interrupt
request

Kxx O

Data bus

Fig. 4.3.1.1 Configuration of input port

Selecting "pull-down resistor enabled” with the mask option allows input from a push button, key matrix,
and so forth. When "pull-down resistor disabled" is selected, the port can be used for slide switch input

and interfacing with other LSIs.

4.3.2 Interrupt function

All four input port bits (K00-K03) provide the interrupt function. The conditions for issuing an interrupt
can be set by the software for the four bits. Also, whether to mask the interrupt function can be selected
individually for all four bits by the software. Figure 4.3.2.1 shows the configuration of K00-K03.

Kox O————————

Noise
rejector

Interrupt factor > Interrupt
flag (IKO) request

t Address

Data bus

<—>Ir1terruptmask ! | Mask option
register (EIK) [ i (K00-K03)

Fig. 4.3.2.1 Input interrupt circuit configuration (KO0O—K03)

The interrupt mask registers (EIK00-EIK03) enable the interrupt mask to be selected individually for
K00-K03. An interrupt occurs when the input value which are not masked change and the interrupt

factor flag (IK0) is set to 1.

12
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Input interrupt programming related precautions

Port K input
Active status

Mask register [ | [ 1 [
t t t

[0 Factor flag set Not set

When the content of the mask register is rewritten, while the port
K input is in the active status. The input interrupt factor flag is
set atll.

Fig. 4.3.2.2 Input interrupt timing

When using an input interrupt, if you rewrite the content of the mask register, when the value of the
input terminal which becomes the interrupt input is in the active status (input terminal = high status), the
factor flag for input interrupt may be set.

For example, a factor flag is set with the timing of 0 shown in Figure 4.3.2.2. However, when clearing the
content of the mask register with the input terminal kept in the high status and then setting it, the factor
flag of the input irbrrupt is again set at the timing that has been set.

Consequently, when the input terminal is in the active status (high status), do not rewrite the mask
register (clearing, then setting the mask register), so that a factor flag will only set at the rising edge in
this case. When clearing, then setting the mask register, set the mask register, when the input terminal is
not in the active status (low status).

4.3.3 Mask option
The contents that can be selected with the input port mask option are as follows:

(1) An internal pull-down resistor can be selected for each of the four bits of the input ports (K00-K03).
Having selected "pull-down resistor disabled”, take care that the input does not float. Select "pull-
down resistor enabled" for input ports that are not being used.

(2) The input interrupt circuit contains a noise rejection circuit to prevent interrupts form occurring
through noise. The mask option enables selection of the noise rejection circuit for each separate
terminal series. When "use" is selected, a maximum delay of 0.5 msec (fosc = 32 kHz) occurs from the
time an interrupt condition is established until the interrupt factor flag (IK0) is set to 1.

13
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4.3.4 1/0 memory of input port
Table 4.3.4.1 list the input port control bits and their addresses.
Table 4.3.4.1 Input port control bits

Register
Address - Comment
D3 D2 D1 DO | Name | Init (L 1 0

K03 -2 | High Low

K03 K02 Ko1 K00

K02 -2 | High Low .
OFOH
- Kol _2| High Low KO input port data
K00 -2 | High Low

EIK03 0 Enable | Mask | Interrupt mask register (K03)

EIKO3 | EIKO2 | EIKO1 | EIKOO
EIK02 0 Enable | Mask | Interrupt mask register (K02)

OF3H RIW EIKO01 0 Enable | Mask | Interrupt mask register (KO1)
EIK00 0 Enable | Mask | Interrupt mask register (K00)
008 -2 - - |Unused
orei 0 0 0 IKO 008 o ~ — | Unused
. ors _2 - - Unused
IKO 4 0 Yes No [ Interrupt factor flag (KO0O—K03)
[ Initia value at initial reset B Always"0" being read
[2 Not set in the circuit 4 Reset (0) immediately after being read

K00—KO03: Input port data (OFOH)

The input data of the input port terminals can be read with these registers.

When 1 is read: High level
When 0 is read: Low level
Writing: Invalid
The value read is 1 when the terminal voltage of the input port (K00-K03) goes high (VDD), and 0 when
the voltage goes low (Vss). These are read only bits, so writing cannot be done.

EIKOO—EIKO3: Interrupt mask registers (OF3H)

Masking the interrupt of the input port terminals can be done with these registers.

When 1 is written: Enable
When 0 is written: Mask
Reading: Valid
With these registers, masking of the input port bits can be done for each of the four bits.
After an initial reset, these registers are all set to 0.

IKO: Interrupt factor flag (OF5H+DO0)

This flag indicates the occurrence of an input interrupt.

When 1 is read: Interrupt has occurred
When 0 is read: Interrupt has not occurred
Writing: Invalid

The interrupt factor flag IKO is associated with K00-K03. From the status of this flag, the software can
decide whether an input interrupt has occurred.
This flag is reset when the software has read it.
Reading of interrupt factor flag is available at EI, but be careful in the following cases.
If the interrupt mask register value corresponding to the interrupt factor flag to be read is set to 1, an
interrupt request will be generated by the interrupt factor flag set timing, or an interrupt request will not
be generated.
After an initial reset, this flag is set to 0.

4.3.5 Programming note

When modifying the input port from high level to low level with pull-down resistor, a delay will occur at
the fall of the waveform due to time constant of the pull-down resistor and input gate capacities. Provide
appropriate waiting time in the program when performing input port reading.

14
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4.4 Output Port (RO0-R03)

4.4.1 Configuration of output port

The E0C6003 Series has a 4-bit general output port (RO0-R03).

Output specification of the output port can be selected in a bit units with the mask option. Two kinds of
output specifications are available: complementary output and Pch open drain output. Also, the mask
option enables the output ports R00 and R01 to be used as special output ports. Figure 4.4.1.1 shows the
configuration of the output port.

Register

Data bus

Complementary 4 | 1
Pch open drain ! * !

Mask option

Fig. 4.4.1.1 Configuration of output port

4.4.2 Mask option

The mask option enables the following output port selection.

(1) Output specification of output port
The output specifications for the output port (R00-R03) may be either complementary output or Pch
open drain output for each of the two bits. However, even when Pch open drain output is selected, a
voltage exceeding the source voltage must not be applied to the output port.

(2) Special output
In addition to the regular DC output, special output can be selected for output ports R00 and R01, as
shown in Table 4.4.2.1. Figure 4.4.2.1 shows the structure of output ports R0O0-R03.

Table 4.4.2.1 Special output

Output port Special output
ROO FOUT or BUZZER output
RO1 BUZZER output
B2
N

N

|| Register R03 D—D RO3

) 4 Register R02

Data bus

HDADQ

~ BUZZER—0 | >
| Register RO1 0 | ROt

= BUZZER—G |
Register R00 -0 OJ—{>—D ROO
FOUT—0O |

Address OF1H PR

Fig. 4.4.2.1 Structire of output ports RO0—R03
15
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FOUT (RO00)

When the output port R00 is set as the FOUT output port, the R00 will output the fosc (CPU operating
clock frequency) clock or the clock that is generated by dividing the fosc clock. The clock frequency can
be selected individually for F1-F4, from among 5 types by mask option; one among F1-F4 is selected by
software (XFOUT register) and used.

The types of frequency which can be selected are shown in Table 4.4.2.2.

Table 4.4.2.2 FOUT clock frequency

Mask option Clock frequency (Hz)
set F1 (XFOUT)=(0, 0)| F2 (XFOUT)=(0, 1)|F3 (XFOUT)=(1, 0)|F4 (XFOUT)=(1, 1)
Set 1 256  (fosc/128)| 512 (fosc/64) 1,024 (fosc/32) 2,048 (fosc/16)
Set 2 512  (fosc/64) 1,024 (fosc/32) 2,048 (fosc/16) 4,096 (fosc/8)
Set 3 1,024 (fosc/32) 2,048 (fosc/16) 4,006 (fosc/8) 8,192 (fosc/4)
Set 4 2,048 (fosc/16) 4,006 (fosc/8) 8,192 (fosc/4) 16,384 (fosc/2)
Set 5 4,006 (fosc/8) 8,192 (foscl4) 16,384 (fosc/2) 32,768 (fosc/1)

fosc = 32.768 kHz
Note: A hazard may occur when the FOUT signal is turned on or off.

BUZZER, BUZZER (R01, R00)

Output ports R01 and R00 may be set to BUZZER output and BUZZER output (BUZZER reverse output),
respectively, allowing for direct driving of the piezo-electric buzzer.

The BUZZER signal is controlled by the R00 register and the BUZZER signal is controlled by the R01
register.

The frequency of buzzer output may be selected by software to be either 2 kHz or 4 kHz.

16
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4.4.3 1/0 memory of output port
Table 4.4.3.1 lists the output port control bits and their addresses.
Table 4.4.3.1 Control bits of output port

Register
Address - Comment
D3 D2 D1 DO__| Name | Init [L 1 0
Ro1 | qu ) RO3 0 High Low | RO3 output port data
RO3 RO2 F----- Fout | RO2 0 High Low | RO2 output port data
BUZZER ’B’U’Z’Zéé RO1 0 High Low | RO1 output port data
OF1H BUZZER| 0 On Off | Buzzer output On/Off control
R0O 0 High Low | ROO output port data
RIW FOUT 0 On Off | FOUT output On/Off control
BUZZER| 0 On Off | Buzzer inverted output On/Off control
XBZR o Ixroutilxrouto XBZR 0 2kHz | 4kHz |Buzzer frequency control
OF7H 008 -2 - - |Unused
XFOUTL| 0O FOUT frequency control
RW R RIW XFOUTO| 0 ] 0:F1,1:F2,2:F3,3: F4
[ Initia value at initia reset B Always"0" being read
[P Not set in the circuit 4 Reset (0) immediately after being read

RO0-R03: Output port data (OF1H)
Sets the output data for the output ports.

When 1 is written: High output
When 0 is written: Low output
Reading: Valid
The output port terminals output the data written to the corresponding registers (R00-R03) without
changing it. When 1 is written to the register, the output port terminal goes high (VDD), and when 0 is
written, the output port terminal goes low (Vss).
After an initial reset, all the registers are set to 0.

ROO (when FOUT is selected): Special output port data (OF1H<DO0)
Controls the FOUT (fosc clock) output.
When 1 is written: Clock output

When 0 is written: Low level (DC) output
Reading: Valid

FOUT output can be controlled by writing data to R00.
After an initial reset, this register is set to 0.
Figure 4.4.3.1 shows the output waveform for FOUT output.

ROO register 0 1
FOUT output
waveform

Fig. 4.4.3.1 FOUT output waveform

XFOUTO, XFOUTL1: FOUT frequency control (OF7HDO, D1)
Selects the output frequency when the R00 port is set for FOUT output.

Table 4.4.3.2 FOUT frequency selection

XFOUT1 | XFOUTO | Frequency selected
0 0 F1
0 1 F2
1 0 F3
1 1 F4

After an initial reset, these registers are set to 0.
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R0O0, RO1 (when buzzer output is selected): Special output port data (OF1H<DO, D1)

Controls the buzzer output.

When 1 is written: Buzzer output
When 0 is written: Low level (DC) output
Reading: Valid

BUZZER and BUZZER output can be controlled by writing data to R00 and R01.
After an initial reset, these registers are set to 0.
Figure 4.4.3.2 shows the output waveform for buzzer output.

RO1 (ROO) register ¢ 1
BUZZER output

waveform

BUZZER output

waveform

Fig. 4.4.3.2 Buzzer output waveform

XBZR: Buzzer frequency control (OF7HD3)
Selects the frequency of the buzzer signal.
When 1 is written: 2 kHz

When 0 is written: 4 kHz
Reading: Valid

When R00 and RO1 port is set to buzzer output, the frequency of the buzzer signal can be selected by this

register.
When 1 is written to this register, the frequency is set in 2 kHz, and in 4 kHz when 0 is written.
After an initial reset, this register is set to 0.

4.4.4 Programming note

The buzzer or FOUT signal may produce hazards when the output ports R00 and R01 are turned on or
off.

18
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4.5 LCD Driver (COMO-COM3, SEGO-SEG14)

4.5.1 Configuration of LCD driver

The E0C6003 Series has four common terminals and 15 (SEG0-SEG14) segment terminals, so that an LCD
with a maximum of 60 (15 x 4) segments can be driven. The power for driving the LCD is generated by
the CPU internal circuit, so there is no need to supply power externally.

The driving method is 1/4 duty (or 1/3, 1/2 duty by mask option) dynamic drive, adopting the four
types of potential (1/3 bias), VDD, VL1, VL2 and VL3. Moreover, the 1/2 bias dynamic drive that uses three
types of potential, VDD, VL1 = VL2 and VL3, can be selected by setting the mask option (drive duty can also
be selected from 1/4,1/3 or 1/2).

The LCD drive voltages VL1 to VL3 are generated by the power divider and/or voltage doubler/halver as
shown in Table 4.5.1.1.

Table 4.5.1.1 LCD drive voltage

Model Bias Drive voltage
selection Vi1 VL2 VL3 Vs2
EOC6003 [1/3 bias 1/3Vss 2/13Vss Vss -
1/2 bias (A) 1/2Vss 1/2Vss Vss -
1/2 bias (B) Vs2 Vs2 Vss 1/2Vss
EOC60L03 |[1/3 bias 1/3Vs2 2/3Vs2 Vs2 2Vss
1/2 bias (A) 1/2Vs2 1/2Vs2 Vs2 2Vss
1/2 bias (B) Vss Vss Vs2 2Vss

Refer to Section 2.1, "Power Supply", for details of the power supply circuit.

The frame frequency is 32 Hz for 1/4 duty and 1/2 duty, and 42.7 Hz for 1/3 duty (in the case of fosc = 32
kHz).
Figures 4.5.1.1 to 4.5.1.6 show the drive waveform for each duty and bias.

Note: "fosc" indicates the oscillation frequency of the oscillation circuit.
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~_Vobp | LCD status
COMO _|_\_|—'_|_\_|—'L:xt§ " como
— . COM1
com JL L~ L o
COM2 W SEGO0-14
cows [ T
s I pe IR s— jxﬂj %
§¥L2
e e P e
W %
e B B B
AYandyda s 3
SEGO M j §
seew) —L — L — @ 2
[ B I I s [ L e
B =l S R
B L I T L e R O~
o~ v 3
Ul nl YUlr 3
I S e 4
] L 4

‘ Frame frequency

Fig. 4.5.1.1 Drive waveform for 1/4 duty (1/3 bias)
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— Vi
como _l_\_,_’_l_\_,_'_l_\_,J ?VL2
VL3
COM1 J_LI_|_|_\_|_|_I_|_|_\_|_|_I_|_|_L
COM2 w

COM3 | 1 I 1 1
~_Vbp
T — | | | — — Vi
—Viz

SEGO
—-SEG14

| L

]
Frame frequency 1
Fig. 4.5.1.2 Drive waveform for 1/3 duty (1/3 bias)

— Vi1
COMO _\—\_I_’_\—\_’_’_L —Vi2
VL3

com1 W

com2 [ 7

comMs [ o—_ 7

SEGO
—-SEG14

- I EEE—
‘ Frame frequency ‘
Fig. 4.5.1.3 Drive waveform for 1/2 duty (1/3 bias)
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LCD lighting status

1 1 1 v
COMO Vi, COMO
I_, I_, -xu | ggﬁ%
coms — | L] [ L] M1 COM3
! ! i SEG0-14
CoM2 L] L] |
| o Off
CoM3 M1 L] [ L] r ! e On

SEG

0-14

0066 Odd 6006 OL0é 0006 GO 008 OGO 660 C80 €56L SOEO €805 LeLS 4GOS SbbO

‘ Frame frequency ‘
Fig. 4.5.1.4 Drive waveform for 1/4 duty (1/2 bias)
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1 LCD lighting status

1 1 1 !
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_I1 1 [ 1 M
CcoM1 L] L]
- — — SEGO0-14
COomM2 L] L] 3
o Off
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SEG
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Vi | COML
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EEg
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e
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Fig. 4.5.1.5 Drive waveform for 1/3 duty (1/2 bias)

, | LCD lighting status
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Fig. 4.5.1.6 Drive waveform for 1/2 duty (1/2 bias)
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4.5.2 Cadence adjustment of oscillation frequency

In the EOC6003 Series, the LCD drive duty can be set to 1/1 duty by software. This function enables easy
adjustment (cadence adjustment) of the oscillation frequency of the oscillation circuit.
The procedure to set to 1/1 duty drive is as follows:

O Write 1 to the CSDC register at address 0F8H ¢ DO.
O Write the same value to all registers corresponding to COMs 0 through 3 of the display memory.
The frame frequency is 32 Hz (fosc/1024, when fosc = 32.768 kHz).

Note: « Even when I/3 or 1/2 duty is selected by the mask option, the display data corresponding to all
COM are valid during 1/1 duty driving. Hence, for 1/1 duty drive, set the same value for all
display memory corresponding to COMs O through 3.

 For cadence adjustment, set the display data corresponding to COMs O through 3, so that all the
LCD segments go on.
Figures 4.5.2.1 and 4.5.2.2 show the 1/1 duty drive waveform in 1/3 bias and 1/2 bias driving.

LCD lighting status

——————— -VDD | COMO

VL1 | coMmL

COM V2 | com2
0-3 | ! VL3 | com3

Frame frequency | SEG0-14
| eOff ®On

-VpD |
-Vt o
Vi
L -V13 !
SEG i
0-14 !
-VDD !
I Y R
-Viz2 |
-Vis

Fig. 4.5.2.1 Drive waveform for 1/1 duty (1/3 bias)

LCD lighting status

———————— -Vop . como
coMm RVERVPY ggm;
0-3 ‘ ! Vi3 cowms

L

Frame frequency SEG0-14
| o Off ®On

-VbD |
-VL1, Vi

SEG M3

0-14
-VDD :
Vi1, Vi
-VL3 :

Fig. 4.5.2.2 Drive waveform for 1/1 duty (1/2 bias)
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4.5.3 Mask option

(1) Segment allocation
As shown in Figure 4.1.1, display data is decided by the data written to the display memory (write-
only) at address 0EOH-OEFH.
The address and bits of the display memory can be made to correspond to the segment terminals
(SEG0-SEG14) in any combination through mask option. This simplifies design by increasing the
degree of freedom with which the liquid crystal panel can be designed.
Figure 4.5.3.1 shows an example of the relationship between the LCD segments (on the panel) and the
display memory in the case of 1/3 duty.

Address Data Common 0 | Common1l | Common 2
D3 D2 D1 DO SEG10 EA, DO EB, D1 EB, DO

OEAH d c b a (a) (f) (e)
OEBH p o] f e » SEG11 EA, D1 EB, D2 EA, D3

OECH d' c' b a' (b) (9) (d)
OEDH p' g f e' SEG12 ED, D1 EA, D2 EB, D3

() (c) (p)

Display data memory allocation Pin address allocation

SEG10 SEG11 SEGI12

[ Commono
1 common1
I common2

Fig. 4.5.3.1 Segment allocation

(2) Drive duty
According to the mask option, either 1/4, 1/3 or 1/2 duty can be selected as the LCD drive duty.
Table 4.5.3.1 shows the differences in the number of segments according to the selected duty.

Table 4.5.3.1 Differences according to selected duty

Duty| COM used Max. number of segments | Frame frequency *
1/4 | COM0O-COM3 60 (15 x 4) 32Hz
1/3 | COM0-COM2 45 (15% 3) 42.7Hz
1/2 | COM0O-COM1 30(15x 2) 32Hz

OWhen fosc = 32 kHz

(3) Output specification
O The segment terminals (SEG0-SEG14) are selected by mask option in pairs for either segment signal
output or DC output (VDD and Vss binary output). When DC output is selected, the data correspond-

ing to COMO of each segment terminal is output.
0 When DC output is selected, either complementary output or Pch open drain output can be selected

for each terminal by mask option.

Note: The terminal pairs are the combination of SEG (2[h) and SEG (2[h + 1) (where n is an integer from O to 6).

(4) Drive bias
For the drive bias, either 1/3 bias or 1/2 bias can be selected by the mask option.
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4.5.4 1/0 memory of LCD driver
Table 4.5.4.1 shows the control bits of the LCD driver and their addresses. Figure 4.5.4.1 shows the
display memory map.

Table 4.5.4.1 Control bits of LCD driver

Register
Address - Comment
D3 D2 D1 DO _ [ Name | Init (1 1 0
LON 0 0 CSDC LON 0 On Off | LCD power and display On/Off conrol
OF8H e e - |Unused
008 -2 - - Unused
RIW R RIW . . . .
CSbC 0 Static |Dynamic| LCD drive switch
[ Initia value at initia reset B Always"0" being read
[2 Not setin the circuit 4 Reset (0) immediately after being read

Address 0‘1‘2‘3‘4‘5‘6‘7‘8‘9‘A‘B‘C‘D‘E‘F

0EO Display memory (Write only)
16 words x 4 bits

Fig. 4.5.4.1 Display memory map

LON: LCD display and power divider On/Off control (OF8HD3)

The LCD display can be turned on or off with this switch. It also controls the power divider on or off if
the power divider is selected for the LCD power generator.

When 1 is written: LCD displayed
When 0 is written: LCD is all off
Reading: Valid

When the power divider is selected for the LCD power generator, power current consumption will
increase if this switch is turned on.

Keep this switch off (LON = 0) when LCD display is not necessary.

After an initial reset, LCD and the power divider is turned off.

CSDC: LCD drive switch (OF8H<DO0)
The LCD drive format can be selected with this switch.

When 1 is written: Static drive
When 0 is written: Dynamic drive
Reading: Valid

After an initial reset, dynamic drive (CSDC = 0) is selected.
Display memory (OEOH-OEFH)
The LCD segments are turned on or off according to this data.

When 1 is written: On
When 0 is written: Off
Reading: Invalid

By writing data into the display memory allocated to the LCD segment (on the panel), the segment can be
turned on or off. After an initial reset, the contents of the display memory are undefined.

4.5.5 Programming note

Because the display memory is for writing only, re-writing the contents with computing instructions (e.g.,
AND, OR, etc.) which come with read-out operations is not possible. To perform bit operations, a buffer
to hold the display data is required on the RAM.
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4.6 Clock Timer

4.6.1 Configuration of clock timer

The E0C6003 Series has a built-in clock timer that uses the oscillation circuit as the clock source. The clock
timer is configured as a 7-bit binary counter that counts with a 256 Hz source clock from the divider. The
high-order 4 bits of the counter (16 Hz-2 Hz) can be read by the software.

Figure 4.6.1.1 is the block diagram of the clock timer.

< Data bus >
A

Oscillation 256 Hz

circuit

A4

’128 Hz-32 HZ‘—»‘ 16 Hz-2 HZ‘

—» Divider

64 Hz |32 Hz |16 Hz |2 Hz

Clock timer reset signal JA !

option \
Interrupt » [nterrupt

control request

Fig. 4.6.1.1 Block diagram of clock timer

Normally, this clock timer is used for all kinds of timing purpose, such as clocks.

4.6.2 Interrupt function

The clock timer can generate interrupts at the falling edge of the 32 Hz (or 64 Hz), 16 Hz, and 2 Hz
signals. The software can mask any of these interrupt signals.
Figure 4.6.2.1 is the timing chart of the clock timer.

Address Reg‘é‘er Frequency Clock timer timing chart

DO 16 Hz

D1 | 8Hz [ S S S A A R S B
OF2H

D2 4 Hz

D3 2 Hz \ \ \ ||

Occurrence of

artipinteruptrequest | 1ttt ttt bbbttt bttt bttt ottt

Occurrence of

16 Hz interrupt request t t t t t t t t t t t t t t t ot
Occurrence of
2 Hz interrupt request t t

Fig. 4.6.2.1 Timing chart of the clock timer

As shown in Figure 4.6.2.1, an interrupt is generated at the falling edge of the 32 Hz, 16 Hz, and 2 Hz
signals. At this point, the corresponding interrupt factor flag (IT32, IT16, IT2) is set to 1. The interrupts
can be masked individually with the interrupt mask register (EIT32, EIT16, EIT2). However, regardless of
the interrupt mask register setting, the interrupt factor flags will be set to 1 at the falling edge of their
corresponding signal (e.g. the falling edge of the 2 Hz signal sets the 2 Hz interrupt factor flag to 1).

Note: Write to the interrupt mask registers (EIT32, EIT16, EIT2) and read the interrupt factor flags (IT32,
IT16, IT2) only in the DI status (interrupt flag = 0). Otherwise, it causes malfunction.
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4.6.3 Mask option

The 32 Hz timer interrupt can be changed to 64 Hz by mask option.
When 64 Hz is selected by mask option, the falling edge of the 64 Hz signal sets the IT32 interrupt factor
flag (OF6H *DO0) and the interrupt is controlled with the EIT32 interrupt mask register (0F4HeDO0).

4.6.4 1/0 memory of clock timer

Table 4.6.4.1 shows the clock timer control bits and their addresses.

Table 4.6.4.1 Control bits of clock timer

Register
Address - Comment
D3 D2 D1 DO_ [ Name | Init (1 1 0
- i
wa | otve | otve | two T™3 Clock t!mer data (2 Hz)
OF2H ™2 -2 Clock timer data (4 Hz)
R T™M1 -2 Clock timer data (8 Hz)
TMO -2 Clock timer data (16 Hz)
- ~ -
wrstl eme | ems | ers2 TMRSTLB| Reset | Reset Clock timer reset . _
OF4H EIT2 0 Enable | Mask | Interrupt mask register (clock timer 2 Hz)
W RIW EIT16 0 Enable | Mask | Interrupt mask register (clock timer 16 Hz)
EIT32 0 Enable | Mask | Interrupt mask register (clock timer 32 Hz)
3 _2 - -
0 IT2 IT16 1732 0 Unused .
OF6H T2 04 0 Yes No | Interrupt factor flag (clock timer 2 Hz)
R IT16 (# 0 Yes No | Interrupt factor flag (clock timer 16 Hz)
IT32 4 0 Yes No [ Interrupt factor flag (clock timer 32 Hz)
[ Initia value at initia reset [B Always"0" being read
[2 Not set in the circuit 4 Reset (0) immediately after being read

TMO-TM3: Timer data (OF2H)

The 16 Hz to 2 Hz timer data of the clock timer can be read from this register. These four bits are read-
only, and write operations are invalid.

After an initial reset, the timer data is initialized to "OH".

EIT32, EIT16, EIT2: Interrupt mask registers (OF4H+sD0-D2)

These registers are used to mask the clock timer interrupt.

When 1 is written: Enabled
When 0 is written: Masked
Reading: Valid

The interrupt mask registers (EIT32, EIT16, EIT2) mask the corresponding interrupt frequencies (32 Hz/
64 Hz, 16 Hz, 2 Hz).

At initial reset, these registers are all set to 0.

IT32, IT16, IT2: Interrupt factor flags (OF6HsD0-D2)

These flags indicate the status of the clock timer interrupt.

When 1 is read: Interrupt has occurred
When 0 is read: Interrupt has not occurred
Writing: Invalid

The interrupt factor flags (IT32, IT16, IT2) correspond to the clock timer interrupts (32 Hz/64 Hz, 16 Hz, 2
Hz). The software can determine from these flags whether there is a clock timer interrupt. However, even
if the interrupt is masked, the flags are set to 1 at the falling edge of the signal. These flags can be reset
when the register is read by the software.

Reading of interrupt factor flags is available at EI, but be careful in the following cases.

If the interrupt mask register value corresponding to the interrupt factor flag to be read is set to 1, an
interrupt request will be generated by the interrupt factor flag set timing, or an interrupt request will not
be generated. Be very careful when interrupt factor flags are in the same address.

At initial reset, these flags are set to 0.
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CHAPTER 4: PERIPHERAL CIRCUITS AND OPERATION (Clock Timer)

TMRST: Clock timer reset (OF4H<D3)
This bit resets the clock timer.

When 1 is written: Clock timer reset
When 0 is written: No operation
Reading: Always 0

The clock timer is reset by writing 1 to TMRST. The clock timer starts immediately after this. No opera-
tion results when 0 is written to TMRST.
This bit is write-only, and so is always 0 when read.

4.6.5 Programming notes

(1) Note that the frequencies and times differ from the description in this section when the oscillation
frequency is not 32.768 kHz.

(2) Reading of interrupt factor flags is available at EI, but be careful in the following cases.
If the interrupt mask register value corresponding to the interrupt factor flag to be read is set to 1, an
interrupt request will be generated by the interrupt factor flag set timing, or an interrupt request will
not be generated. Be very careful when interrupt factor flags are in the same address.
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4.7 Interrupt and HALT

The E0C6003 Series provides the following interrupt settings, each of which is maskable.

External interrupt: Input port interrupt (one)
Internal interrupt: ~ Timer interrupt (one)

To enable interrupts, the interrupt flag must be set to 1 (EI) and the necessary related interrupt mask
registers must be set to 1 (enable). When an interrupt occurs, the interrupt flag is automatically reset to 0
(DI) and interrupts after that are inhibited.

Figure 4.7.1 shows the configuration of the interrupt circuit.

Interrupt vector
(MSB)
—\, Program counter of CPU
—/ (three low-order bits)
—» (LSB)

INT
(Interrupt request)

Interrupt factor flag

I:] Interrupt mask register

Fig. 4.7.1 Configuration of interrupt circuit

nterrupt flag ?

HALT mode

When the HALT instruction is executed, the CPU stops operating and enters the HALT mode. The
oscillation circuit and the peripheral circuits operate in the HALT mode. By an interrupt, the CPU exits
the HALT mode and resumes operating.
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CHAPTER 4: PERIPHERAL CIRCUITS AND OPERATION (Interrupt and HALT)

4.7.1 Interrupt factors

Table 4.7.1.1 shows the factors that generate interrupt requests.

The interrupt factor flags are set to 1 depending on the corresponding interrupt factors.
The CPU is interrupted when the following two conditions occur and an interrupt factor flag is set to 1.

¢ The corresponding mask register is 1 (enabled)
¢ The interrupt flag is 1 (EI)

The interrupt factor flag is a read-only register, but can be reset to 0 when the register data is read.
At initial reset, the interrupt factor flags are reset to 0.

Note: Reading of interrupt factor flag is available at El, but be careful in the following cases.
If the interrupt mask register value corresponding to the interrupt factor flag to be read is set to 1,
an interrupt request will be generated by the interrupt factor flag set timing, or an interrupt request
will not be generated. Be very careful when interrupt factor flags are in the same address.

Table 4.7.1.1 Interrupt factors

Interrupt factor Interrupt factor flag
Clock timer 2 Hz falling edge 1T2 (OF6H<D2)
Clock timer 16 Hz falling edge IT16  (OF6H<D1)
Clock timer 32 (or 64) Hz fallingedge | 1T32  (OF6H+DO)
Input (KO0—K03) port rising edge IKO (OF5H+DO0)

4.7.2 Specific masks for interrupt

The interrupt factor flags can be masked by the corresponding interrupt mask registers. The interrupt
mask registers are read / write registers. The interrupts are enabled when 1 is written to them, and
masked (interrupt disabled) when 0 is written to them.

At initial reset, the interrupt mask register is set to 0.

Table 4.7.2.1 shows the correspondence between interrupt mask registers and interrupt factor flags.

Table 4.7.2.1 Interrupt mask registers and interrupt factor flags

Interrupt mask register Interrupt factor flag
EIT2 (OF4H<D2) 1T2 (OF6H<D2)
EIT16  (OF4H-D1) IT16  (OF6HD1)
EIT32  (OF4H+DO0) IT32  (OF6H+DO)

EIK03*  (OF3H-D3)
EIK02*  (OF3H-D2)
EIKOL*  (OF3H-D1)
EIKOO*  (OF3H-DO)

IKO  (OF5H+DO)

OThere is an interrupt mask register for each input port terminal.
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4.7.3 Interrupt vectors

When an interrupt request is input to the CPU, the CPU starts interrupt processing. After the program
being executed is suspended, interrupt processing is executed in the following order:

O The address data (value of the program counter) of the program step to be executed next is saved on
the stack (RAM).

O The interrupt request causes the value of the interrupt vector (page 1, 01H-07H) to be loaded into the
program counter.

O The program at the specified address is executed (execution of interrupt processing routine).
Note: The processing in steps 1 and 2, above, takes 12 cycles of the CPU system clock.

Table 4.7.3.1 Interrupt vector addresses
Page | Step Interrupt vector
1 OOH |[Initial reset
01H |Clock timer interrupt
04H |Input (KOO-KO03) interrupt

4.7.4 1/0 memory of interrupt
Table 4.7.4.1 shows the interrupt control bits and their addresses.

Table 4.7.4.1 Control bits of interrupt

Register
Address - Comment
D3 D2 D1 DO _ [ Name | Init (1 1 0
ewos | exoz | eor | eixoo EIK03 0 Enable | Mask | Interrupt mask reg!ster (K03)
OF3H EIK02 0 Enable | Mask | Interrupt mask register (K02)
RIW EIK01 0 Enable | Mask | Interrupt mask register (KO1)
EIK00 0 Enable | Mask | Interrupt mask register (K00)
- — -
wrstl em2 | ems | ers2 TMRSTLB| Reset | Reset Clock timer reset . _
OF4H EIT2 0 Enable | Mask | Interrupt mask register (clock timer 2 Hz)
W RIW EIT16 0 Enable | Mask | Interrupt mask register (clock timer 16 Hz)
EIT32 0 Enable | Mask | Interrupt mask register (clock timer 32 Hz)
3 _2 - -
0 0 o | Ko g Y 323:
OF5H
R 00 -2 - - Unused
IKO 4 0 Yes No [ Interrupt factor flag (KO0O—K03)
3 —2 - -
0 IT2 IT16 IT32 0 Unused .
OF6H IT204 0 Yes No | Interrupt factor flag (clock timer 2 Hz)
R IT16 C# 0 Yes No | Interrupt factor flag (clock timer 16 Hz)
IT32 4 0 Yes No | Interrupt factor flag (clock timer 32 Hz)
[ Initia value at initia reset B Always"0" being read
[2 Not set in the circuit 4 Reset (0) immediately after being read

EIT32, EIT16, EIT2: Interrupt mask registers (OF4H+sD0-D2)
IT32, IT16, IT2: Interrupt factor flags (OF6HsD0-D2)
...See Section 4.6, "Clock Timer".

EIKOO—EIKO3: Interrupt mask registers (OF3H)
IKO: Interrupt factor flag (OF5H<DO0)
...See Section 4.3, "Input Port".
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CHAPTER 4: PERIPHERAL CIRCUITS AND OPERATION (Interrupt and HALT)

4.7.5 Programming notes

(1) Restart from the HALT mode is performed by an interrupt. The return address after completion of the
interrupt processing will be the address following the HALT instruction.

(2) When an interrupt occurs, the interrupt flag will be reset by the hardware and it will become DI
status. After completion of the interrupt processing, set to the EI status through the software as
needed.

Moreover, the nesting level may be set to be programmable by setting to the EI state at the beginning
of the interrupt processing routine.

(3) The interrupt factor flags must always be reset before setting the EI status. When the interrupt mask
register has been set to 1, the same interrupt will occur again if the EI status is set unless of resetting
the interrupt factor flag.

(4) The interrupt factor flag will be reset by reading through the software. Because of this, when multiple
interrupt factor flags are to be assigned to the same address, perform the flag check after the contents
of the address has been stored in the RAM. Direct checking with the FAN instruction will cause all the
interrupt factor flag to be reset.

(5) Reading of interrupt factor flag is available at EI, but be careful in the following cases.
If the interrupt mask register value corresponding to the interrupt factor flag to be read is set to 1, an
interrupt request will be generated by the interrupt factor flag set timing, or an interrupt request will
not be generated. Be very careful when interrupt factor flags are in the same address.
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cHAPTER S Basic ExTERNAL WIRING DIAGRAM

Piezo Buzzer Single Terminal Driving

LCD PANEL

Caa S 42 cA
i JONER . 43 C1
2 2 O O CcB [—
KOO VDD
C2
il | ver [
K03
OSC1 [et—9
E0C6003 IR ;
EOC60L03 TR T
0osC2 —_ | ]
1
ROO RESET o—e
1.5V (EOC60L03)
O RO2 —e | L
RO3 Cpmt 3.0 V (EOC6003)
TEST
-
8 Vss
Piezo
Buzzer
+—i0——s
Call
(1L Crystal oscillation
2 CR oscillation
X'tal |Crystal oscillator 32.768 kHz, Ci (Max.) = 35 kQ
Ca Trimmer capacitor 5-25 pF
Rcr |Resistor for CR oscillation |470 kQ (65 kHz)
C1, C2 |Capacitor 1 uF (see Note)
Cp Capacitor 3.3 uF

Note: Use a 1 uF capacitor for C1 and C2 when "EOC60L03 1/3 bias" is selected, or a 0.1 uF capacitor
when "EOC6003 1/2 bias" or "EOC60L03 1/2 bias (A), (B)" is selected.
No capacitor is required for C1 and Cz when another specification is selected.
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Piezo Buzzer Direct Driving

CHAPTER 5: BASIC EXTERNAL WIRING DIAGRAM

LCD PANEL

RO2
O <
RO3

1.5V (EOC60L03)

ca
3.0V (EOC6003)

8 5 g g CA
w -8 @] »O C1
n %) O O cB —|j
VDD
C2
Vs2 —H—»
K03
OSC1 Hejdr—e
E0C6003 Loel!
T X'ta !
RESET |e6 o—$
e
CP g+
TEST
S S Vss
12 (14
{0t
Piezo o
Buzzer (1L Crystal oscillation

[2 CR oscillation

X'tal |Crystal oscillator 32.768 kHz, Ci (Max.) = 35 kQ
Cc Trimmer capacitor 5-25 pF

Rcr |Resistor for CR oscillation {470 kQ (65 kHz)

C1, C2|Capacitor 1 uF (see Note)

Cp Capacitor 3.3 uF

Note: Use a 1 uF capacitor for C1 and C2 when "EOC60L03 1/3 bias" is selected, or a 0.1 uF capacitor
when "EOC6003 1/2 bias" or "EOC60L03 1/2 bias (A), (B)" is selected.

No capacitor is required for C1 and Cz when another specification is selected.
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CHAPTER 6 ELECTRICAL CHARACTERISTICS

6.1 Absolute Maximum Rating

(Vbp=0V)
Item Symbol Rated value Unit
Supply voltage Vss -5.0t00.5 \Y
Input voltage (1) Vi Vss-0.3t00.5 \
Input voltage (2) Viosc Vss-0.3t00.5 \
Permissible total output current (1| ZIvss 10 mA
Operating temperature Topr -20to 70 °C
Storage temperature Tstg -65 to 150 °C
Soldering temperature / time Tsol 260°C, 10sec (lead section) -
Permissible dissipation Pp 250 mw

[ The permissible total output current is the sum total of the current (average current) that simultaneously flows from the

output pin (or isdrawn in).

6.2 Recommended Operating Conditions

E0C6003 (Ta=-20t0 70°C)
Item Symbol Condition Min. | Typ. | Max. |Unit
Supply voltage Vss Vop=0V -3.6 -3.0 -1.8 \
Oscillation frequency fosc Crystal oscillation 32.768 kHz
CR oscillation, Rcr=470kQ 50 65 80 |kHz
Booster capacitor C1 0.1 pF
Capacitor betwen Vob andVs2  |C2 0.1 uF
EOC60L03 (Te=-20to 70°C)
Item Symbol Condition Min. Typ. Max. | Unit
Supply voltage Vss Vbp=0V -2.0 -1.5 -1.2 \
Oscillation frequency fosc Crystal oscillation 32.768 kHz
CR oscillation, Rcr=470kQ 50 65 80 kHz
Booster capacitor C1 0.1 uF
Capacitor betwen Vob andVs2  |C2 0.1 uF

36



CHAPTER 6: ELECTRICAL CHARACTERISTICS

6.3 DC Characteristics
EOC6003

Unless otherwise specified:
Vbbp=0V, Vss=-3.0V, fosc=32.768kHz, Ta=25°C, V2 isinternal voltage, C1=C2=0.1uF

Item Symbol Condition Min. Typ. Max. | Unit
High level input voltage (1)  |ViH1 K00-03 0.2'Vss 0 \Y
High level input voltage (2)  |ViH2 RESET 0.15'Vss 0 \
Low level input voltage (1) | ViL1 K00-03 Vss 0.8Vss| V
Low level input voltage (2)  |VIL2 RESET Vss 0.85Vss| V
High level input current (1) | liH1 ViH1=0V, No pull-down |K00-03 0 0.5 HA
High level input current (2) | liH2 ViH2=0V, Pull-down K00-03 10 40 A
High level input current (3) | 11H3 V1H3=0V, Pull-down RESET 30 100 | pA
Low level input current I ViL=Vss K00-03 -0.5 0 HA
RESET, TEST
High level output current (1) |loH1 VoH1=0.1-Vss R02, RO3 -1.0 | mA
High level output current (2) |loH2 VoH2=0.1-Vss R00, RO1 -1.0 | mA
(with protection resistor)
Low level output current (1) |loL1 VoL1=0.9-Vss R02, RO3 3.0 mA
Low level output current (2) |loL2 VoL2=0.9-Vss R00, RO1 3.0 mA
(with protection resistor)
Common output current 0H3 VoH3=-0.05V COMO0-3 -3 HA
loLs VoL3=VL3+0.05V 3 HA
Segment output current loH4 VoH4=-0.05V SEG0-14 -3 HA
(during LCD output) loLa VoL4=V13+0.05V 3 pA
Segment output current loH5 VoH5=0.1-Vss SEGO-14 -300 | pA
(during DC output) loLs VoL5=0.9-Vss 300 A

EOC60L03

Unless otherwise specified:
Vbbp=0V, Vss=-1.5V, fosc=32.768kHz, Ta=25°C, V2 isinternal voltage, C1=C2=0.1uF

Item Symbol Condition Min. Typ. Max. | Unit
High level input voltage (1)  |ViH1 K00-03 0.2'Vss 0 \Y
High level input voltage (2) | ViH2 RESET 0.15'Vss 0 \
Low level input voltage (1) | ViL1 K00-03 Vss 0.8Vss| V
Low level input voltage (2)  |VIL2 RESET Vss 0.85Vss| V
High level input current (1) | liH1 ViH1=0V, No pull-down |K00-03 0 0.5 HA
High level input current (2) | liH2 ViH2=0V, Pull-down K00-03 5.0 20 A
High level input current (3) | 11H3 V1H3=0V, Pull-down RESET 9.0 100 | pA
Low level input current I ViL=Vss K00-03 -0.5 0 HA
RESET, TEST
High level output current (1) |loH1 VoH1=0.1-Vss R02, RO3 -200 | pA
High level output current (2) |loH2 VoH2=0.1-Vss R00, RO1 -200 | pA
(with protection resistor)
Low level output current (1) |loL1 VoL1=0.9:Vss R02, RO3 700 pA
Low level output current (2) |loL2 VoL2=0.9-Vss R00, RO1 700 HA
(with protection resistor)
Common output current oH3 VoH3=-0.05V COMO0-3 -3 HA
loLs VoL3=VL3+0.05V 3 HA
Segment output current loH4 VoH4=-0.05V SEG0-14 -3 HA
(during LCD output) loLa VoL4=V13+0.05V 3 pA
Segment output current |oH5 VoH5=0.1-Vss SEGO-14 -100 | pA
(during DC output) loLs VoL5=0.9-Vss 130 A
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6.4 Analog Circuit Characteristics and Current Consumption

EOC6003 (Crystal Oscillation)

Unless otherwise specified:
VbDp=0V, Vss=-3.0V, fosc=32.768kHz, Ta=25°C, Cc=25pF, Vs2 isinternal voltage, C1=C2=0.1uF

Item Symbol Condition Min. Typ. Max. | Unit
LCD drivevoltage Vi1 Connect 1 MQ load resistor between Vpp and 1/3:Vss|1/3Vss|1/3:Vss| V
segment driver (SEGO-SEG14) when segment -01 x0.9
driver'slevel isVL1
Viz Connect 1 MQ load resistor between Vpb and 2/3Vss|2/3Vss|2/3Vss| V
segment driver (SEGO-SEG14) when segment -01 x0.9
driver'slevel isVL2
Vi3 Connect 1 MQ load resistor between Vpp and Vss \%

segment driver (SEGO-SEG14) when segment
driver'slevel isVL3

Current consumption IHLT During HALT with LCD OFF No panel 1.0 25 PA
IExer  |During operation with LCD OFF load 2.0 50 | pA
IExe2 | During operation with power divider ON 15 20 HA

EOC60L03 (Crystal Oscillation)

Unless otherwise specified:
Vbp=0V, Vss=-1.5V, fosc=32.768kHz, Ta=25°C, Cc=25pF, Vs2 isinternal voltage, C1=C2=0.1uF

Item Symbol Condition Min. Typ. Max. | Unit
LCD drivevoltage Vi Connect 1 MQ load resistor between Vopb and 1/3Vs2 |13Vs2| U3Vs2| V
segment driver (SEGO-SEG14) when segment -01 x0.9
driver'slevel isVL1
Viz Connect 1 MQ load resistor between Vpb and 2/3Vs2|2/3Vs2|2/3Vs2| V
segment driver (SEGO-SEG14) when segment -01 x0.9
driver'slevel isVL2
Vi3 Connect 1 MQ load resistor between Vobp and Vs2 Vs2 Vs2 \%
segment driver (SEGO-SEG14) when segment -0.1 x0.9
driver'slevel isVL3
Current consumption IHLT During HALT with LCD OFF No panel 1.0 25 A
Iexer | During operation with LCD OFF load 2.0 5.0 MA
IExe2 | During operation with power divider ON 15 20 A
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EOC6003 (CR Oscillation)

Unless otherwise specified:

CHAPTER 6: ELECTRICAL CHARACTERISTICS

Vbb=0V, Vss=-3.0V, fosc=65kHz, Ta=25°C, Rcr=470kQ, Vs2 isinternal voltage, C1=C2=0.1uF

Item Symbol Condition Min. Typ. | Max. |Unit
LCD drivevoltage Vi Connect 1 MQ load resistor between Vpp and 1/3:Vss|1/3Vss|1/3:Vss| V
segment driver (SEGO-SEG14) when segment -01 x0.9
driver'slevel isVL1
Viz Connect 1 MQ load resistor between Vpp and 2/3Vss|2/3Vss|2/3Vss| V
segment driver (SEGO-SEG14) when segment -01 x0.9
driver'slevel isVL2
Vi3 Connect 1 MQ load resistor between Vbp and Vss \%
segment driver (SEGO-SEG14) when segment
driver'slevel isVL3
Current consumption IHLT During HALT with LCD OFF No panel 8 15 pA
IExer  |During operation with LCD OFF load 15 20 pA
IExe2 | During operation with power divider ON 25 30 HA
EOC60L03 (CR Oscillation)
Unless otherwise specified:
Vbp=0V, Vss=-1.5V, fosc=65kHz, Ta=25°C, Rcr=470kQ, V=2 isinternal voltage, C1=C2=0.1uF
Item Symbol Condition Min. Typ. Max. | Unit
LCD drivevoltage Vi Connect 1 MQ load resistor between Vbp and 1/3Vs2 |13Vs2 | U3Vs2| V
segment driver (SEGO-SEG14) when segment -01 x0.9
driver'slevel isVL1
Viz Connect 1 MQ load resistor between Vbb and 2/3Vs2|2/3Vs2|2/3Vs2| V
segment driver (SEGO-SEG14) when segment -01 x0.9
driver'slevel isVL2
Vi3 Connect 1 MQ load resistor between Vbp and Vs2 Vs2 Vs2 \%
segment driver (SEGO-SEG14) when segment -01 x0.9
driver'slevel isVL3
Current consumption IHLT During HALT with LCD OFF No panel 8 15 pA
IeExer | During operation with LCD OFF load 15 20 MA
IExe2 | During operation with power divider ON 25 30 A
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6.5 Oscillation Characteristics

Oscillation characteristics will vary according to different conditions (elements used, board pattern). Use
the following characteristics are as reference values.

EOC6003 Crystal Oscillation

Unless otherwise specified:
Vbp=0V, Vss=-3.0V, fosc=32.768kHz, Crystal: C-002R (Ci=35kQ), Cc=25pF, Cp=built-in, Ta=25°C

Item Symbol Condition Min. Typ. Max. | Unit
Oscillation start voltage Vsta  |tstas5sec (Vss) -1.8 Vv
Oscillation stop voltage Vsatp  |tstp<10sec (Vss) -1.8 \
Built-in capacitance (drain) |Cp Including the parasitic capacitance inside the | C (in chip) 20 pF
Freguency/voltage deviation |df/oV  |Vss=-1.810-3.6V 5 ppm
Frequency/IC deviation of/oIC -10 10 |[ppm
Frequency adjustment range |0f/0Cc |Cc=5 to 25pF 40 ppm
Harmonic oscillation start voltage | Vhho | Ce=5pF (Vss) 36 | V
Permitted leak resistance Riesk Between OSC1 and Vbp 200 MQ

EOC60L03 Crystal Oscillation

Unless otherwise specified:
Vbp=0V, Vss=-1.5V, fosc=32.768kHz, Crystal: C-002R (Ci=35kQ), Cc=25pF, Cp=built-in, Ta=25°C

Item Symbol Condition Min. Typ. Max. | Unit
Oscillation start voltage Vsta |tsta<5sec (Vss) -1.2 Vv
Oscillation stop voltage Vstp | tstp<10sec (Vss) -1.2 \Y
Built-in capacitance (drain) |Cp Including the parasitic capacitance inside the IC (in chip) 20 pF
Frequency/voltage deviation |9f/0V |Vss=-1.2t0-2.0V 5 ppm
Frequency/IC deviation of/oIC -10 10 |ppm
Frequency adjustment range |9f/0Cc | Cc=5 to 25pF 40 ppm
Harmonic oscillation start voltage | Vhho | Ce=5pF (Vss) 20 | V
Permitted leak resistance Rieak Between OSC1 and Vbp 200 MQ

EOC6003 CR Oscillation

Unless otherwise specified:
Vbb=0V, Vss=-3.0V, Rcr=470kQ, Ta=25°C

ltem Symbol Condition Min. Typ. Max. | Unit
Oscillation frequency dispersion|fosc -20 | 65kHz 20 %
Oscillation start voltage Vsta |(Vss) -1.8 Vv
Oscillation start time tsta Vss=-1.81t0-3.6V 3 mS
Oscillation stop voltage Vstp (Vss) -1.8 \

EOC60L03 CR Oscillation

Unless otherwise specified:
Vbb=0V, Vss=-1.5V, Rcr=470kQ, Ta=25°C

ltem Symbol Condition Min. Typ. Max. | Unit
Oscillation frequency dispersion|fosc -20 | 65kHz 20 %
Oscillation start voltage Vsta |(Vss) -1.2 Vv
Oscillation start time tsta Vss=-1.2t0 -2.0V 3 mS
Oscillation stop voltage Vstp (Vss) -1.2 \

40
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CHAPTER / Ceramic PACKAGEFOR TEST SAMPLES
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CHAPTER 8 PRECAUTIONS ON MOUNTING

<Oscillation Circuit>

e Oscillation characteristics change depending on conditions (board pattern, components used, etc.).
In particular, when using a crystal oscillator, use the oscillator manufacturer's recommended values
for constants such as capacitance and resistance.

e Disturbances of the oscillation clock due to noise may cause a malfunction. Consider the following
points to prevent this:

(1) Components which are connected to the OSC1 and OSC2 terminals, such as oscillators, resistors
and capacitors, should be connected in the shortest line.

Sample VDD pattern
(2) As shown in the right hand figure, make a VDD pattern as large as
possible at circumscription of the OSC1 and OSC2 terminals and the osc2
components connected to these terminals.
Furthermore, do not use this VDD pattern for any purpose other than
the oscillation system. [:QDD

OSC1

e In order to prevent unstable operation of the oscillation circuit due to
current leak between OSC1 and Vss, please keep enough distance between OSC1 and Vss or other
signals on the board pattern.

<Reset Circuit>

e The power-on reset signal which is input to the RESET terminal changes depending on conditions
(power rise time, components used, board pattern, etc.).
Decide the time constant of the capacitor and resistor after enough tests have been completed with the
application product.
When the built-in pull-down resistor is added to the RESET terminal by mask option, take into
consideration dispersion of the resistance for setting the constant.

e In order to prevent any occurrences of unnecessary resetting caused by noise during operating,
components such as capacitors and resistors should be connected to the RESET terminal in the
shortest line.

<Power Supply Circuit>
e Sudden power supply variation due to noise may cause malfunction. Consider the following points to
prevent this:

(1) The power supply should be connected to the VDD and Vss terminal with patterns as short and
large as possible.

(2) When connecting between the VDD and Vss terminals with a bypass capacitor, the terminals
should be connected as short as possible.

Bypass capacitor connection example

VDD VDD

-

Vss Vss

(3) Components which are connected to the Vs2 terminal, such as a capacitor, should be connected in
the shortest line.
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CHAPTER 8: PRECAUTIONS ON MOUNTING

<Arrangement of Signal Lines>

e Inorder to prevent generation of electromagnetic induction noise caused by mutual inductance, do
notarrangealarge currentsignallinenear the circuits thatare sensitive tonoise such as the oscilla-
tion unit.

e When asignalline is parallel with a high-speed line in long distance or intersects a high-speed line,
noise may generated by mutual interference between the signals and it may cause a malfunction.
Donotarrange ahigh-speed signal line especially near circuits that are sensitive tonoise such as the
oscillationunit.

Prohibited pattern

] —{_]OSsc2
=

[josc1
~

AN

{|Vbp

—
Large current signal line
High-speed signal line

<Precautions for Visible Radiation (when bare chip is mounted)>

e Visibleradiation causes semiconductor devicesto change theelectrical characteristics. Itmay cause
this IC to malfunction. When developing products which use this IC, consider the following precau-
tions to prevent malfunctions caused by visible radiations.

(1) Design the product and implement the IC on the board so that it is shielded from visible radiation
inactualuse.

(2) The inspection process of the product needs an environment that shields the IC from visible
radiation.

(3) Aswell as the face of the IC, shield the back and side too.
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